Abstract
Although the 1,8-bis(ferrocenyl)octa-1,3,5,7-tetrayne has been prepared,{Yuan:1993dx} we are unaware of any studies of mixed-valence analogues of this compound; in the case of the 1,12-bis(ferrocenyl)dodeca-1,3,5,7,9,11-hexayne the ferrocene moieties give rise to two genuinely independent oxidation processes in a 0.1 M n-Bu4NPF6 (2108 cm -1 ) and ethene (1483 cm -1 ) bands. Other spectroscopic and analytical data were in accord with the proposed structure, which was confirmed by single crystal X-ray analysis (vide infra).
Scheme 1
The synthesis of 1a -5a.
Treatment of a suspension of [4a]PF6 in methanol with KO t Bu gave the ethynylalkynyl complex 5a as a bright yellow precipitate (62%) (Scheme 1). In the 31 P NMR spectrum, the half-sandwich fragment gave rise to a singlet at  50.35 ppm, whilst the Cp moiety was detected as a singlet in the 1 H NMR spectrum at  4.22
ppm, together with a singlet from the free ethynyl proton at  2.77 ppm. The IR spectrum contained (CC) bands from both free (2105 cm -1 ) and coordinated (2044 cm -1 ) alkyne moieties in addition to the ethene (C=C) band at 1482 cm -1 .
Again, other spectroscopic and analytical data, and a single crystal X-ray structure determination, confirmed the structure. Further attempts to metallate the free ethynyl fragment in 5a were also unsuccessful. Ellipsoids are plotted at 50%.
Given the ready access to 1,1-diethynyl-2,2-diphenyl-ethenes from 1a an alternative approach to cross-conjugated bi-metallic derivatives was explored.
Reaction of 1a with ethynyl ferrocene (FcCCH) under the usual cross-coupling conditions gave the bis(ferrocenyl) compound 6a in moderate (48%) yield as a bright orange solid (Scheme 2).
Scheme 2. The preparation of 6a.
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The conversion of ferrocene carboxaldehyde (FcCHO) to 1,1-dibromo-2-ferrocenylethene (1b) is known;{Vincent:2013fd} most usually 1b serves as a precursor to both ethynyl ferrocene (FcCCH),{Courtney:2012uj} and 1,1-diethynyl-2-ferrocenyl ethenes.{Vincent:2013fd} The Pd(0) / Cu(I) catalysed cross-coupling reactions of 1b with trimethylsilylacetylene gives 2b (76%), which in turn is readily desilylated to give 3b (94%) (Scheme 3).{Vincent:2013fd} In a manner similar to that described for 6a, the cross-coupling of 1b with ethynyl ferrocene gave the tris(ferrocenyl) complex 6b (68%) (Scheme 3).
Scheme 3. The preparation of 2b, 3b and 6b
In a manner similar to that described above for 3a, reactions of 3b with one equivalent of [RuCl (PPh3) Scheme 4. The preparation of 7.
Single crystals of the tris(ferrocenyl) complex 6b suitable for X-ray diffraction were obtained by slow evaporation of a dichloromethane solution (Figure 3 ).
Pertinent bond lengths and angles are given in Table 1 . As expected, the 1,1-dialkynyl ethene portion of the molecule is essentially planar, with key C=C process. The anodic-to-cathodic peak separation (ΔEp(1)) for this wave approaches twice that of the internal ferrocene/ferrocenium reference couple (Table 2) , consistent with the overlapped one-electron processes of the two ethynyl ferrocenyl moieties. In the same electrolyte, the tris(ferrocenyl) complex 6b shows two close lying waves, with apparent peak currents approximately in the ratio 1:2 suggesting that the vinyl-ferrocene fragment undergoes oxidation at a measurably different potential than the two (electrochemically indistinguishable) ethynyl-ferrocene moieties (Table 2, Figure 4 ). The reversible, apparently one electron, oxidation can be further assigned on the basis of comparison with the potentials observed for oxidation of FcCH=C(C≡CR)2 complexes structurally related to the vinyl-ferrocene moiety.{Vincent:2013fd}
The second redox wave is assigned to the overlapping oxidation processes of the two ethynylferrocene groups, with the ΔEp of this wave approaching twice that of the internal reference and a halfwave potential consistent with that observed for the ethynyl ferrocene moieties in complex 6a (Table 2 ). Spectroelectrochemical investigations were undertaken in order to better assess the interactions between the ferrocenyl moieties in 6a and 6b.
Spectroelectrochemical measurements were carried out in CH2Cl2 solutions and KPF6 (81 mg, 0.438 mmol) in CH2Cl2 (15 ml) was heated at reflux point for 20
hours. The solution was allowed to cool, concentrated in vacuo to ca. 2 ml and then added drop-wise to vigorously stirred, ice-cold diethylether causing precipitation of a pale red solid. The precipitate was collected by filtration, washed with hexanes (3 x 5 ml) and diethyl ether (3  5 ml) and air dried. Yield 329 mg, 79 %. Crystals suitable for X-ray diffraction were grown by slow diffusion of diethyl ether into a and KPF6 (71 mg, 0.384 mmol) in CH2Cl2 (15 ml) was heated at reflux for 16 hours.
After this time, the solution was allowed to cool, concentrated in vacuo to ca. 3 ml and filtered through Celite into a rapidly stirred diethyl ether to give a red precipitate. The precipitate was collected by filtration, washed with hexanes (3 x 5 ml) and diethyl ether (3  5 ml) and air dried. 
Preparation of Ph2C=C(C≡CFc)2 (6a)
Ethynyl ferrocene (652 mg, 3.10 mmol), 1a (500 mg, 1.48 mmol), [Pd(PPh3)4] (85.0 mg, 73.6 µmol) and CuI (6 mg, 3.15 µmol) were dissolved in triethylamine (25 ml). The reaction mixture was heated to reflux for 17 hours, cooled to ambient temperature and the solvent was removed in vacuo. The residue was purified by column chromatography (eluent: hexanes to hexanes/dichloromethane (50:50 (v/v))) concentration of the relevant fractions afforded 6a in 47% yield (418 mg,
X-ray Crystallography
The X-ray single crystal data have been collected using λMoKα radiation (λ =0.71073Å) on a Bruker SMART 6000 (fine-focus sealed tube, graphite monochromator, Monocap optics) (compounds 5a and 6b) and Agilent XCalibur 
